Human impacts on runoff regime of middle and lower Yellow River  by Sang, Yan-fang et al.
Water Science and Engineering, 2011, 4(1): 36-45
doi:10.3882/j.issn.1674-2370.2011.01.004
                                                                             http://www.waterjournal.cn 
                                                                    e-mail: wse2008@vip.163.com
üüüüüüüüüüüüü
This work was supported by the National Natural Science Foundation of China (Grants No. 41071018, 
41030746, 40725010, and 40730635), the Jiangsu Project Innovation for Ph. D. Candidates (Grant No. 
CX10B_018Z), and the Excellent Discipline Leaders in Midlife-Youth Program of Nanjing University. 
*Corresponding author (e-mail: wangdong@nju.edu.cn) 
Received Jul. 7, 2010; accepted Dec. 15, 2010 
Human impacts on runoff regime of middle and     
lower Yellow River 
Yan-fang SANG1, Dong WANG*1, Ji-chun WU1, Qing-ping ZHU2, Ling WANG3 
1. Department of Hydrosciences, School of Earth Sciences and Engineering, Nanjing University,       
Nanjing 210093, P. R. China 
2. China Water International Engineering Consulting Co., Ltd., Beijing 100053, P. R. China 
3. Hydrology Bureau of Yellow River Conservancy Committee of Ministry of Water Resources,       
Zhengzhou 450001, P. R. China 
Abstract: In this study, the 54-year (1950 to 2003) monthly runoff series from February, April, 
August, and November, as well as the annual runoff series, measured at both Huayuankou and 
Lijin hydrological stations were chosen as representative data, and the continuous wavelet 
transform (CWT) was applied to analyze the impacts of human activities on the runoff regime of 
the middle and lower Yellow River. A point of change in 1970 was first determined, and the 
observed series before 1970 were considered natural runoff while those after 1970 were restored 
according to linear trends. Then, the CWT was applied to both the observed and restored runoff 
series to reveal their variations at multi-temporal scales, including the five temporal ranges of 1-4, 
6-8, 9-12, 16-22, and 22-30 years, and the trend at the temporal scale of 54 years. These analysis 
results are compared and discussed in detail. In conclusion, because of the impacts of human 
activities, there have been significant changes in the runoff regime in the middle and lower Yellow 
River since 1970. The decaying tendency of annual runoff has become more pronounced, and the 
inner-annual distribution of runoff has changed, but human activities have had little impact on the 
periodic characteristics of runoff.  
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1 Introduction 
Large rivers are important water resources in various countries and on various continents. 
Therefore, research on their runoff regimes is a hot issue in hydrology and water resources. 
Many studies have been conducted on the Mississippi River (Choudhury and Sil 2010), the 
Danube River (Pekarova et al. 2008), the Nile River (Eltahir 1996), the Amazon River 
(Mikhailov 2010), the Yangtze River (Xu et al. 2006), and the Yellow River (Chen et al. 1996), 
as well as many others, mainly to determine the characteristics of runoff and to further guide 
water resources management. Along with climate change, population increase, urban 
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construction, and disorganized exploration of water resources, the tension between decreasing 
water supplies and increasing water demands has become a serious problem that hinders 
economic and social development in many countries. Therefore, research on the runoff 
regimes of rivers is becoming a substantial and imperative task. 
This paper mainly considers the characteristics of runoff in the middle and lower Yellow 
River. The Yellow River, China’s second largest river, is an important water source in the north 
of China. Since the 1970s, the characteristics of Yellow River runoff have become more 
complex due to the influence of climate change (Liu and Zheng 2004; Li et al. 2004; Jia et al. 
2008), and, especially, the significant impacts of human activities (Xu and Sun 2003; Liu and 
Xia 2004; Shi et al. 2005; Xu 2007; Zhu et al. 2008). Observed runoff series at both 
Huayuankou and Lijin hydrological stations show an obviously decaying tendency over the 
last five decades (Chen et al. 1996). Furthermore, runoff downriver is seasonal, and flow is 
often discontinuous (Chen et al. 1996; Liu and Cheng 2000), which not only places heavy 
burdens on local water supplies, but also results in severe sediment problems: the main 
channel shrinks, the flood capacity decreases, and both aquatic environmental and 
eco-environmental degradation worsen (Liu et al. 2006). It is necessary to study the 
impacts of human activities on runoff in the middle and lower Yellow River, because it is 
the basis for understanding the changes of the runoff regime as well as guiding various 
practical water activities. 
Wavelet analysis (WA) is a widely used method of time series analysis, because it can 
describe localized characteristics of time series both in temporal and frequency domains 
(Percival and Walden 2000; Sang et al. 2009). Presently, one popular application of WA in 
hydrology is to determine multi-temporal scale characteristics and identify different 
components of hydrologic data (Wang et al. 2005). This study sought to evaluate the impacts 
of human activities on the runoff regime of the middle and lower Yellow River using 54 years 
(1950 to 2003) of monthly runoff data measured at both Huayuankou and Lijin hydrological 
stations as the representative data. In this paper, the WA method is briefly described and the 
statistical characteristics of the runoff data are analyzed. The change point in 1970 is shown, 
and the original series measured after 1970 are restored using linear equations. The 
multi-temporal scale characteristics of both observed and restored runoff series are revealed by 
WA. The analysis results are compared, discussed, and used as a basis for evaluating the 
impacts of human activities on the runoff regime. 
2 Method and data 
2.1 Wavelet analysis 
 2L R is defined as a measurable square integral function space on the real axis. Then, 
the continuous wavelet transform (CWT) of signal    2f t L R  is obtained as follows: 
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where t is the data order,  ,fW a b  is the wavelet coefficient,  t\   is the complex conjugate 
of the mother wavelet  t\ , a is the temporal scale factor, and b is the time position factor. 
In the CWT process, the Morlet wavelet in Eq. (2) is commonly used: 
  20 2e ei t tt Z\                                 (2) 
where i is the imaginary unit, and 0Z  is the nondimensional frequency. 
Moreover, the wavelet coefficient  ,fW a b  can be used to calculate the global wavelet 
spectrum (GWS)  M a : 
    21 , dfM a W a ba
f
f ³ b                           (3) 
On the basis of CWT results of , the multi-temporal scale characteristics of time 
series 
( , )fW a b
 f t  can be understood (Labat 2005). In practice, the two-dimensional contour map 
of  ,fW a b  is always used, because it can effectively reflect the characteristics of hydrologic 
series as follows (Wang et al. 2005; Sang et al. 2007): (1) The wavelet coefficient curve 
 ,fW a b -a reflects the characteristics at a certain time position b but on multi-temporal scales, 
and curve  ,fW a b -b reflects the characteristics at a certain scale a but at different time 
positions. (2) Positive and negative wavelet coefficient values reflect different characteristics. 
Positive values correspond to wet seasons and negative values correspond to dry seasons, while 
zero corresponds to the point of change from wet to dry, or from dry to wet seasons. (3) Absolute 
values of wavelet coefficients show how remarkable the characteristics are. The larger the 
coefficients’ absolute values are, the more remarkable the characteristics are, and vice versa. 
(4) GWS reflects the energy distribution of series at different temporal scales, so the trend 
and periods of series based on the peak values of GWS can be accurately identified and 
estimated (Labat et al. 2000). 
2.2 Data 
In this study, 54 years (1950 to 2003) of monthly runoff series measured at both 
Huayuankou and Lijin hydrological stations were used. Huayuankou Hydrological Station was 
regarded as the representative station in the middle Yellow River, and Lijin Hydrological 
Station was regarded as the representative station in the lower Yellow River. Furthermore, to 
determine the inner-annual distribution of runoff, both the annual and monthly runoff series 
were analyzed. According to the hydrological characteristics of the middle and lower Yellow 
River (Chen et al. 1996), the monthly runoff series measured in February, April, August, and 
November were chosen and analyzed, mainly to determine the characteristics of runoff in 
winter, spring, summer, and autumn, respectively. 
The statistical characteristics of each runoff series, including the maximum runoff ( maxx ), 
the minimum runoff ( minx ), the mean runoff ( x ), coefficient of variance ( ), coefficient of vC
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skewness ( ), lag-1 auto-correlation coefficient ( ), and lag-2 auto-correlation coefficient 
( ), were analyzed, and the results are listed in Table 1. On the whole, annual runoff series in 
the middle and lower Yellow River, with the  values of 0.50 and 0.64, respectively, have 
good autocorrelations. However, statistical characteristics of those monthly runoff series show 
significant differences. By comprehensively analyzing the results of these statistical 
characteristics, the following conclusions can be obtained. First, the 
sC 1r
2r
1r
minx  and x  values of 
annual runoff series at Huayuankou Hydrological Station are larger than those at Lijin 
Hydrological Station, but the maxx  value of the former is smaller, which shows that there is a 
large amount of rainfall in wet years along the lower Yellow River. Second, the amount of 
monthly runoff increases month by month from February, to April, to November, to August. 
Moreover,  and  of February runoff series are the minimums with values of less than 
0.70; the  values of the November runoff series are the maximums with values larger than 
0.95, but their  values are the minimums with values less than 0.30. Third, the statistical 
characteristics of the runoff series measured in the same month at Huayuankou and Lijin 
hydrological stations are also markedly different: the 
vC sC
sC
1r
x  value of monthly runoff series at 
Lijin Hydrological Station are smaller, but its  and  values are larger. sC 1r
Table 1 Statistical characteristics of representative monthly and annual runoff series from Huayuankou and 
Lijin hydrological stations
Statistical characteristics 
Runoff series Abbreviation 3)
maxx  
(1010 m3)
minx x  Percentage  
(%) vC sC 1r 2r  (1010 m3) (1010 m3) 
Runoff in Feb. 1) HM2 0.22 0.03 0.13 0.38 0.13 0.24 0  3.28 
1)Runoff in Apr. HM4 0.47 0.13 0.26 0.29 0.90 0.38 0.23  6.52 
Runoff in Aug. 1) HM8 1.57 0.04 0.64 0.56 0.51 0.40 0.30 16.30 
Runoff in Nov. 1) HM11 0.89 0.04 0.30 0.61 1.05 0.23 0.18   7.59 
Annual runoff 1) HY 8.61 1.43 3.93 0.38 0.60 0.50 0.31 100.00 
Runoff in Feb. 2) LM2 0.23 0 0.10 0.66 0.38 0.45 0.18   2.99 
2)Runoff in Apr. LM4 0.50 0 0.15 0.89 0.74 0.74 0.65   4.68 
Runoff in Aug. 2) LM8 1.59 0.02 0.58 0.67 0.58 0.48 0.46 18.01 
Runoff in Nov. 2) LM11 0.94 0.01 0.29 0.73 0.99 0.29 0.26   9.08 
Annual runoff 2) LY 9.73 0.19 3.24 0.60 0.66 0.64 0.48 100.00 
1)Note:  indicates runoff at Huayuankou Hydrological Station, 2) indicates runoff at Lijin Hydrological Station, and 3) indicates 
percentage of monthly runoff in annual runoff. 
3 Results and discussion 
3.1 Characteristics of runoff in middle and lower Yellow River 
The multi-temporal scale characteristics of runoff in the middle and lower Yellow River 
were examined and discussed by Sang et al. (2010) from the points of view including 
variations at different temporal scales, inner-annual variation, inter-annual variation, and 
spatial variation. The analysis results are as follows: (1) Runoff in the middle and lower 
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Yellow River shows four obviously periodic variations in the temporal scale ranges (TSRs) of 
1-4, 6-8, 9-12, and 16-22 years, respectively, and also shows an obviously decaying tendency. 
(2) On the different temporal scales point, the decaying tendency in the TSR of 50-60 years 
and the periodic variation in the TSR of 16-22 years are the most significant; the periodic 
variations of these runoff series in the TSRs of 1-4 years and 16-22 years are stable, but those 
in the TSRs of 6-8 years and 9-12 years are not. Moreover, there are crossover and 
overlapping phenomena in the periodic variations of runoff series of different TSRs over 
several years. (3) On the inter-annual variation point, the characteristics of runoff change after 
1970, as shown more clearly in the August and annual runoff series, but not in the February 
and April runoff series. (4) On the inner-annual variation point, there are obvious differences 
between monthly runoff series. Specifically, the characteristics of February and April runoff 
series are simple, but the characteristics of August and November runoff series are more 
complex. The characteristics of annual and August runoff series show good correlation. (5) On 
the spatial variation point, the characteristics of runoff in the lower Yellow River are more 
complex than those in the middle Yellow River; specifically, the decaying tendency and the 
changes of runoff after 1970 are more pronounced, and the periodic variations of the former 
are more complex. 
3.2 Data restoration 
By comprehensively analyzing recent studies (Yang et al. 2002; Liu and Jiang 2004; Liu 
and Xia 2004; Shi et al. 2005; Jia et al. 2008; Zhu et al. 2008), we can find that there are two 
reasons for the significant changes of characteristics of runoff in the middle and lower Yellow 
River over the last five decades: climate change and human activities. However, their degrees 
of influence are quite different. We think that the changes of the runoff regime in the middle 
and lower Yellow River after 1970, especially the obviously decaying tendency, have mainly 
been caused by human activities, while the influence of climate change over the last five 
decades has been consistent and much weaker than the former. Therefore, the impacts of 
human activities can be determined by analyzing the changes in the runoff regime in the 
middle and lower Yellow River after 1970. 
According to recent studies (Chen et al. 1996; Liu and Zheng 2004; Xu and Ma 2009), 
the year 1970 was a change point. The observed series from Huayuankou and Lijin 
hydrological stations before 1970 can be regarded as the natural runoff series, but those after 
1970 should be restored to maintain the natural consistency of the whole runoff series. The 
multi-temporal scale characteristics of the observed and restored runoff series were identified 
and compared, based on which the impacts of human activities on the runoff regime of the 
middle and lower Yellow River could be examined and understood. 
In the analysis process, because a great amount of data about the utilization of water 
resources of the Yellow River cannot be obtained, and some are even missing, it is not easy to 
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accurately restore the observed runoff series. However, considering that human activities 
mainly caused the decaying tendency of runoff, restoring the observed data using the linear 
equations is a simple but effective approach (Ding and Deng 1988). More details about the 
restoration processes and the restored results will be provided in the following sub-section. 
3.3 Impacts of human activities on trend of runoff 
The linear trends of all observed runoff series from before and after 1970 were analyzed 
using the least square fitting method, and the results are compared, mainly to examine the 
influence of human activities on the trend of runoff. The results are shown in Table 2. Fig. 1 
displays the linear trends of the annual runoff series measured at Huayuankou and Lijin 
hydrological stations. 
Table 2 Linear trends of observed runoff series at Huayuankou and Lijin hydrological stations          
before and after 1970
Linear trend 
Runoff series 
Period (1950-1970) Period (1971-2003) 
           x = –0.384t + 17.107 x = –0.058t + 13.859 HM2 
x = 0.646t + 22.498 x = –0.087t + 24.590 HM4 
 x = –1.428t + 100.300 x = –1.304t + 73.141 HM8 
x = –0.219t + 42.433 x = –0.751t + 36.079 HM11 
x = 0.670t + 482.450  x = –7.397t + 456.990 HY 
x = –0.451t + 17.161 x = –0.357t + 14.169 LM2 
x = 0.463t + 22.822 x = –0.434t + 14.487 LM4 
 x = –1.418t + 103.780 x = –1.112t + 58.448 LM8 
x = –0.352t + 46.182 x = –0.997t + 38.261 LM11 
 x = –0.302t + 487.600  x = –9.096t + 377.430 LY 
Note: x is runoff as a function of data order t ( for period before 1970; and for period after 1970). 1, 2, , 21t  " 22, 23, ,54t  "
The results in Table 2 show that runoff in the middle and lower Yellow River as a whole 
has decreased with time. To be specific, (1) on the inner-annual variation point, the decaying 
tendencies of February and April runoff series are less pronounced than those of August and 
November runoff series after 1970; (2) on the inter-annual variation point, the April and 
annual runoff series measured at Huayuankou Hydrological Station, and the April runoff series 
measured at Lijin Hydrological Station show an increasing tendency before 1970 but a 
decaying tendency after 1970, which demonstrates that runoff decreased after 1970 because of 
the influence from human activities; (3) on the point of inter-annual variations of each 
monthly runoff series, the decaying tendencies of February, April, and August runoff series 
have become weaker since 1970, but the decaying tendencies of November and annual runoff 
series have become more pronounced, which indicates that the inner-annual distribution of 
runoff has greatly changed due to the use of the runoff in the flood season to compensate for 
shortage in the dry season; and (4) on the spatial variation point, the decaying tendencies of 
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runoff in the lower Yellow River as a whole are more significant than those in the middle 
Yellow River. 
 
Fig. 1 Linear trends of observed annual runoff series at Huayuankou and Lijin hydrological stations 
3.4 Impacts of human activities on periods of runoff 
First, we considered the observed runoff series before 1970 the natural runoff series, and 
then we restored those runoff series after 1970 according to the analysis results of linear 
trends described above. The restored annual runoff series measured at Huayuankou and Lijin 
hydrological stations are shown in Fig. 2. In order to save space, the restored results of 
monthly runoff series are not described by figures here. 
The Morlet wavelet in Eq. (2) was used and the TSR of 1-64 years was chosen. Then, 
the CWT was applied to both the observed and restored runoff series. GWS was also 
calculated to identify the dominant periods and to further identify the trends of runoff series. 
Finally, the analysis results of these runoff series were compared and discussed to evaluate 
the influences of human activities on the characteristics of runoff in the middle and lower 
Yellow River. Besides the four temporal scales discussed in Sang et al. (2010), another 
temporal scale of 22-30 years is also considered here. The results are summarized in Table 3. 
 
Fig. 2 Observed and restored annual runoff series at Huayuankou and Lijin hydrological stations 
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Table 3 Identification of dominant periods and trends of observed and restored runoff series at Huayuankou 
and Lijin hydrological stations
Dominant period in five temporal scale ranges (year) Trend 
Runoff series 
1-4 years 6-8 years 9-12 years 16-22 years 22-30 years 50-60 years 
HM2  3* 8 — 17 27 Ļ 
HM2’  3* 8 — 17 22  Ļ– 
HM4 3 6 —  18* — Ļ 
HM4’ 3 6 —  20* — Ė 
HM8  3* — — — 22 Ļ 
HM8’  3* — — — 22  Ļ– 
HM11  3* 8 — 18 — Ļ 
HM11’  3* 8 — 18 —  Ļ– 
HY  3* — 10 18 — Ļ 
HY’  3* 7 10 18 — Ė 
LM2  3* — — 17 25 Ļ 
LM2’ 3 — —  17* 22  Ļ– 
LM4 3 6 10* — — Ļ 
LM4’ 3 6 10  20* — Ė 
LM8 3 7 10* — 22 Ļ 
LM8’ 3 7 10* — 22  Ļ– 
LM11  3* 8 — 18 — Ė 
LM11’  3* 8 — 18 —  Ļ– 
LY 3 7 10  18* — Ļ 
LY’ 3  7* — — — Ļ 
Note: ’ indicates restored runoff series, * is the first main period whose spectral peak value is largest, — means this period is not 
identified, Ļ means decaying tendency, Ė means increasing tendency, and Ļ– means less obviously decaying tendency. 
Analysis results in Table 3 indicate the following: (1) There is a common significant 
period of 3 years, and two other periods of 7 and 18 years in the middle and lower Yellow 
River, but the period of 18 years is not significant in August runoff series. There is a period 
of 10 years in the monthly runoff series in the lower Yellow River, and there is a large 
period of 22-27 years in August and February runoff series in the middle and lower Yellow 
River. (2) The periods of each observed runoff series and the corresponding restored runoff 
series are similar in the five TSRs, which indicate that human activities have little 
influence on the periodic variations of runoff. (3) Comparison of these runoff series show 
that the trends of each observed runoff series and the corresponding restored runoff series 
are different. Comparatively, the restored February, August, and November runoff series 
show less of a decaying tendency. The restored April runoff series shows a pronounced 
increasing tendency. 
To sum up the analysis results of trends and periods in Table 3, it can be found that 
human activities have significant impacts on the characteristics of runoff in the middle and 
lower Yellow River, as demonstrated in three main ways: first, the characteristics of runoff 
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changed significantly after 1970; second, runoff is decreasing over time; and third, the 
inner-annual distribution of runoff has also changed greatly. However, human activities have 
had little influence on the periodic characteristics of the runoff regime in the middle and 
lower Yellow River over the last five decades. 
4 Conclusions 
Study of the characteristics of runoff in the middle and lower Yellow River can 
substantially guide various practical water management activities. In this paper, the impacts of 
human activities on the runoff regime of the middle and lower Yellow River have been 
analyzed. Through comprehensive analysis, some conclusions can be drawn: 
(1) The characteristics of runoff changed after 1970, most significantly in August and 
annual runoff series, but not significantly in February and April runoff series. 
(2) There are obvious differences among the characteristics of various monthly runoff 
series, and the characteristics of runoff in the lower Yellow River are more complex than those 
in the middle Yellow River. 
(3) Human activities have had great impacts on the characteristics of runoff. The runoff 
regime significantly changed after 1970, runoff decreased with time, and the inner-annual 
distribution of runoff also changed. However, human activities have had little influence on the 
periodic characteristics of runoff. 
Nevertheless, it should be noted that although water conservancy project construction can 
to a certain extent lighten the burdens of local water supplies inner-annually, the severe 
conditions of water resources shortage in the middle and lower Yellow River cannot be 
radically overcome due to the wholly decaying tendency of runoff. Therefore, utilization and 
management of water resources will still be a difficult task in the future. The influences of 
climate change and human activities should be further studied to improve the understanding of 
the runoff regime in the middle and lower Yellow River. 
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